I
ntensive, body-weight-supported treadmill training (BWSTT) is an effective way to improve overground walking in individuals with spinal cord injury (SCI). 1,2 Individuals in ASIA Impairment Scale (AIS) categories C and D 3 with motor incomplete lesions are more likely to improve with BWSTT than are those in AIS categories A and B with motor complete lesions. 4 -7 However, the AIS categories are very broad, making it difficult to predict, based on AIS scores alone, whether a given individual will benefit from BWSTT. Recently, Winchester et al 8 showed that a combination of 4 initial measures (time since injury, voluntary bowel and bladder voiding, functional spasticity [hypertonicity] score, and walking speed) predicted the final walking speed in a group of individuals with chronic injuries who participated in BWSTT. Although walking speed is one of the best measures of overall walking ability, 9 final walking speed is not necessarily indicative of improvement. For example, an individual could start with a fast walking speed, show no improvement, and still have a fast final walking speed. Thus, change in walking speed would be a better indicator of response to locomotor training.
The neural mechanisms underlying improvements with BWSTT remain unclear. Improvements in walking have occurred without measurable change in volitional ability to activate leg muscles, 10 leading to suggestions that the training helps to reactivate pattern generators for walking in the spinal cord, without the need for engaging volition. In contrast, Barthelemy et al 11 suggested that impairment in the descending input from the primary motor cortex (ie, corticospinal tract) is directly related to problems in walking, such as drop-foot. Moreover, Thomas and Gorassini 12 found that individuals who improved with BWSTT showed strengthened corticospinal input to the leg muscles, suggesting that residual volitional ability may provide important advantages for good training outcomes. Our recent findings further indicate that individuals who respond to BWSTT show higher leg electromyographic (EMG) amplitudes while walking prior to training than do individuals who show no improvement, 13 suggesting that the ability to generate strong muscle contractions during walking may be a good predictor of success with BWSTT. Thus, initial EMG amplitude during walking may be a good predictor of success.
Relatively high manual muscle test (MMT) scores soon after injury are predictive of spontaneous recovery of function by the time of discharge, 14 but improvement in MMT scores does not always parallel improvement in walking soon after injury. 15 In the chronic stage, MMT scores are positively correlated with walking ability measured at the same time point, 16, 17 but what remains unknown is whether they predict the responsiveness to retraining of walking. The purpose of this study, therefore, was to determine which initial measures, including clinical, demographic, and electrophysiological measures, will lead to the best improvement in walking function after BWSTT.
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Method Participants
We initially recruited 22 participants for the study. The participants were recruited from the community, physical therapy clinics, and local hospitals. Means of recruitment included postings in newsletters and Web sites for individuals with SCI, identification of potential participants by physical therapists and physicians in the community, and by word of mouth. All participants provided informed written consent before the start of the study. Inclusion criteria were a motor-incomplete SCI (ie, AIS C or D) at levels between C1 and L1, occurring at least 7 months previously, to exclude spontaneous recovery. 18 Exclusion criteria included impaired mental capacity, orthopedic problems that could affect walking ability, bone density of 30% or less of the mean in age-matched controls who were healthy, and any other medical contraindications to treadmill training. Clearance for training was confirmed with the individual's family physician.
Of 22 participants who started the study, 2 dropped out for personal reasons after 1 month of training, and another did not attend regularly (ie, Ͻ3ϫ/wk). Of the 19 participants who completed the study (Tab. 1), 14 (74%) were men and 5 (26%) were women, which is close to the typical distribution reported for Alberta, Canada, 19 and similar to the distribution reported for North America. 20 There were more participants in AIS category C (nϭ14) than in AIS category D (nϭ5).
Clinical Measures
Clinical measurements were taken by a physical therapist prior to training. For the majority of participants (15/19) , measurements were taken within 1 month of the beginning of training. For the remaining participants, measurements were taken within 2 months prior to the start date. In each of the latter cases, the injury occurred more than 1.3 years previously, so function had remained stable for some time.
The Ten-Meter Walk Test (10MWT) was our primary outcome measure because it is responsive, reliable, and valid for the SCI population. 21, 22 Participants walked at their comfortable speed from a stance position. Although some researchers allow 2 m of walking prior to the timing of the 10-m walk for acceleration, we feel the transition from a stationary stance to walking is an important subtask of walking that may better characterize a person's functional walking ability. When walking aids and braces were used, the same assistive devices also were used after training to ensure that their use did not confound the scores. Changes to the use of walking aids were accounted for in the Walking Index for Spinal Cord Injury (WISCI-II). Individuals who could not walk 10 m with maximal assistance were given a score of zero.
The WISCI-II is a 21-point categorical scale of walking ability. 23, 24 It has good psychometric properties 22 and is moderately correlated with other timed measures of walking. 25 The WISCI-II and the 10MWT were recommended as the most valid and clinically useful tests of ambulation after SCI. 9, 26 The WISCI-II was especially useful for measuring change in individuals who could not perform the 10MWT.
Manual muscle strength (forcegenerating capacity) was estimated for 16 muscle groups bilaterally: shoulder flexors, extensors, abductors, and adductors; elbow flexors and extensors; wrist flexors and extensors; hip flexors, extensors, abductors, and adductors; knee flexors and extensors; and ankle dorsiflexors and plantar flexors. The standard testing positions that are widely used in clinical practice were used for all muscles. 27 Modification to the testing was made for the plantar flexors, which could not be tested against gravity in the standing position in all participants. Thus, plantar flexion was tested with the participant in a sitting position, with knees flexed at approximately 90 degrees and with the feet resting on the floor. Antigravity (grade 3) was defined as the ability to perform plantar flexion through full range against the ground (ie, against the weight of the leg). Manual resistance was applied downward on the knee for grades 4 and 5. The traditional 6-point scale (0 -5) was used; halfpoint scores were allowed between all grades except 4 and 5, 17, 28 which require manual resistance that cannot be graded reliably between testers. 29, 30 Although dynamometers are more sensitive than MMT to small differences in muscle strength, 28 -30 they are not routinely used in the clinic. The agreement between MMT and dynamometry is moderate to strong, 30, 31 suggesting that MMT provides valid, but less-detailed, 28 -30 information about volitional muscle strength. Moreover, for the purposes of predicting success with training, finely graded muscle strength scores may not be necessary. The MMT has good intrarater 32 and interrater 33, 34 reliability in a range of disabilities, including SCI. 35 The Berg Balance Scale was used to estimate static and dynamic balance, with a best possible score of 56. 36 Reliability of Berg Balance Scale scores is excellent for individuals with SCI, 37 as are the concurrent validity 38 and predictive validity. 39 
Demographics
Demographic measures were age (in years), body weight (in kilograms), height (in meters), and time since injury (in years). Body mass index (BMI) was computed as body weight/height 2 .
Electromyographic Measures
Surface EMG measurements were obtained in a single session for each participant prior to the beginning of training. The EMG measurements were obtained from the tibialis anterior, soleus, quadriceps, and hamstring muscles, either bilaterally or unilaterally, while participants walked on a treadmill with bodyweight support. These muscles were chosen to represent the major flexor and extensor muscle groups crossing the hip, knee, and ankle joints. In cases where more than one muscle from a muscle group were accessible from the surface, we chose the one with more-consistent activity based on the literature on people with injuries. 40 Disposable silver/silver chloride electrodes (Kendall SOFT-E H59P*) were placed approximately 1.5 cm apart center-to-center over the muscle belly after standard skin preparation. The signals were bandpass filtered (10 -1,000 Hz), amplified (AMT-8 † ), analog-to-digital converted at 5,000 Hz, and recorded online (Axoscope ‡ ). Recordings were made within 2 weeks of starting BWSTT. Approximately 3 minutes of walking was recorded.
Movement at the knee and sometimes also at the ankle (ie, when no ankle-foot orthoses were used) was recorded with electrogoniometers. § Participants walked at a comfortable speed with enough body-weight support to prevent knee collapse. 
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height) or front bars on the treadmill to stabilize the trunk if needed. If foot clearance was still unsatisfactory with manual assistance, an ankle-foot orthosis was used.
Training
Training sessions were approximately 1 hour per day, 5ϫ/week. The initial amount of body-weight support (Xϭ44%, SDϭ15%, rangeϭ9%-65%) was determined by the minimum support needed to prevent knee collapse during the stance phase.
Initial walking speed (rangeϭ0.2-0.6 m/s) on the treadmill was selected by trial and error so that walking could be sustained for approximately 3 minutes, with participants actively participating in walking (ie, not passively allowing their legs to be moved). During training, the therapist aimed to achieve an upright trunk position, hip extension during the latter part of the stance phase, and good weight transfer between the legs. Arm swing was encouraged, if possible. Trunk support was provided manually by a trainer or with elastic straps anchored to supports as needed. 41 Progression of training included a gradual increase in bout duration, decrease in manual assistance, decrease in body-weight support, and increase in treadmill speed. When participants could support more than 80% of their own weight, overground sessions (Յ2ϫ/wk) were incorporated. Training continued until a point when training parameters of treadmill speed, bodyweight support, assistance, and bout duration did not progress for 2 weeks. In cases where no improvement (ie, no change in the training parameters outlined above) was seen, a minimum of 10 weeks of training was provided.
Data Analysis
Manual muscle test scores were summed separately for the upper and lower extremities (UEs and LEs; left and right sides) to provide composite scores, as reported by other authors. 17 The asymmetry in strength of the LEs was estimated by the ratio of the total MMT score from the strong side to the weak side. 17 To determine the predictive ability of individual muscle groups, the MMT score from each group was calculated by summing the scores for that group from the left and right sides (ie, knee extensor muscle score ϭ left knee extensor score ϩ right knee extensor score).
Because the LE MMT turned out to be an excellent predictor, we further identified the best threshold above which participants responded to BWSTT using the receiver operating characteristic (ROC) curve. 42 Participants were classified into 2 groups: responders and nonresponders. Responders improved in walking speed by Ն0.1 m/s (ie, average smallest real difference reported for people with SCI; rangeϭ0.06 m/s 43 to 0.13 m/s 22 ); nonresponders improved in walking speed by Ͻ0.1 m/s.
The ROC curve was generated as follows. Manual muscle test scores from 0 to 80 (80ϭmaximum LE MMT) were iteratively used as the threshold to determine the number of: (1) true positives (correctly identified responders), (2) false positives (incorrectly identified nonresponders), (3) true negatives (correctly identified nonresponders), and (4) false negatives (incorrectly identified responders). These 4 numbers were used to estimate the true positive rate (ie, correctly identified responders/all responders, also called sensitivity) and the false positive rate (ie, incorrectly identified nonresponders/all nonresponders, equal to 1 Ϫ specificity) for each MMT score. The ROC curve consists of the true positive rate (y-axis) versus the false positive rate (x-axis) for each iterated score. The ideal threshold is a true positive rate of 1.0 and a false positive rate of 0 (ie, top left corner of the ROC curve, Fig. 1B) . In reality, an ideal threshold rarely happens, so the best threshold is normally the MMT value that is associated with the point closest to the top left corner. In this study, the best threshold was established as a value lower than what would normally be considered best in order to minimize false negatives (ie, denying treatment to someone who could benefit). We acknowledge that ROC curves traditionally have been used with large sample sizes, and our sample size was very small in comparison, so the results must be considered exploratory. Nevertheless, given the strong predictive ability of LE MMT, this analysis was deemed valuable to provide preliminary estimates that may aid clinical practice in the future.
Electromyographic recordings during treadmill walking were used to estimate the magnitude of muscle contraction during walking, determined from the peak EMG amplitude after the signals were rectified and smoothed with a 150-millisecond sliding average, as described previously. 13 The maximum and minimum amplitudes of muscle activity during each step were automatically determined for individual muscles using custom-written software (Matlab ). The peak EMG amplitude for each step was the difference between the maximum signal and the minimum signal, which then was averaged across all the steps for each muscle. Peak EMG amplitude for a muscle group was the average between the left and right sides. Summing the left and right sides allowed us to test the general importance of that muscle group, which was our primary interest. Summing
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of left and right sides, however, may mask more subtle differences between the sides when there is a strong asymmetry. An overall average of the peak EMG amplitude also was calculated across all muscles by summing the average peak EMG amplitude from each muscle and dividing the sum by the total number of muscles. This overall average was entered into regression analysis. The EMG values were not normalized, as sometimes is done, 44 because the amplitude of the EMG signal reflects the force of the muscle contraction, 45,46 which would be lost by expressing all values as a percentage of, for example, the peak EMG amplitude produced during a maximum voluntary contraction. To determine the variation in EMG amplitude from day to day in walking, we repeated the experiment on another day prior to training in 3 individuals who were part of this study and in 6 additional individuals with incomplete SCI.
Prediction of outcomes was estimated with correlations between the change in walking speed (ie, from the 10MWT before and after training) and the various initial measures. The initial measures included were The Pearson product moment correlation coefficient (r) was used first for all measures. Correlations also were calculated after removal of 5 individuals who had spinal cord lesions at or below the T11 level, resulting in possible damage to spinal roots that could affect their volitional ability in those muscles. Multivariable linear regression then was used to evaluate potential confounds between predictors. This confounding would occur if the predictors themselves were significantly correlated, thereby measuring the same underlying phenomenon, such that using more than one predictor is no better than using just one. A forcedentry approach was taken, with those variables that correlated significantly with outcome in the univariate analysis (ie, LE MMT and EMG amplitude only) being added simultaneously to the final linear regression model only to determine whether both predictors added significantly to the prediction of outcome. The overall adjusted R 2 value was calculated to determine fit of the final model, along with the contribution to the R 2 value from individual variables. 
Role of the Funding Source

Results
The severity of the motor impairment in the legs is best reflected by the total score from the initial MMT, which ranged considerably among the participants (Tab. 1). Six participants had highly asymmetric LE MMT scores (ie, LE MMT asymmetry score Ն1.5). All participants provided MMT scores for the LEs. Fifteen participants had good EMG measurements during walking, with sufficient steps for estimating peak EMG amplitude. Twelve of them also were included in a previous article on EMG amplitude changes with training. 13 
Progress in Training Sessions
Participants trained for a mean of 18 weeks (SDϭ10). Most participants improved in the parameters of training: 17/19 improved in the total duration of walking in a session (mean increaseϭ15 minutes, SDϭ11, minimum Ն5), 16/19 improved in treadmill speed (meanϭ0.14 m/s, SDϭ0.11, minimum Ն0.1), and 16/19 improved in their ability to support their own body weight (mean decrease in body-weight supportϭ18%, SDϭ 19%, minimum decrease Ն5%). In 5 participants, overground sessions were incorporated toward the end of training for Յ4 weeks; in another participant (3M), the sessions were 1ϫ/wk for 11 weeks (Tab. 1).
Effectiveness of BWSTT
The participants showed a range of success with training. The improvement in overground walking speed ranged from 0 m/s to 0.58 m/s. Nine participants showed improvements exceeding the smallest real difference in overground walking speed of 0.1 m/s (see "Data Analysis" section). Of these 9 participants, 5 were classified as AIS C and 4 were classified as AIS D. Four participants showed improvements in overground walking speed of less than 0.1 m/s, but showed improvements in WISCI-II scores. Thus, in total, 13 participants responded to the treatment. Six participants showed either no change in walking speed or a change in walking speed of less than 0.1 m/s, and no change in WISCI-II scores. Four participants were unable to walk overground even with maximal assistance, before and after training, so their level of function was among the lowest. The other 2 participants could walk overground, but at very slow speeds (0.08 and 0.11 m/s). No other factors were common among the nonresponders (Tab. 1).
Correlation Between Initial Conditions and Change in Walking Speed
Correlations between the change in walking speed and initial conditions are shown in Table 2 in order of the absolute value of the correlation magnitude. Only 2 initial conditions were significantly correlated with change in walking speed: the total LE MMT score and the peak EMG amplitude from the LEs during walking. When participants with low lesions (at or below T11) were removed, the same 2 predictors of change in walking speed were even stronger (rϭ.77 for LE MMT score, rϭ.74 for EMG amplitude). In addition, initial walking speed became significantly correlated with change in walking speed (rϭ.58).
When comparing the correlations across the different initial conditions, only 2 were significant. The 2 best predictors for change in walking speed (ie, LE MMT score and peak EMG amplitude) were significantly correlated with each other,
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and Berg Balance Scale scores were positively correlated with measurements of initial walking speed.
Relationship Between Total LE MMT Score and Change in Walking Speed
The relationship between total LE MMT prior to training and change in walking speed is shown in Figure 1A . The ROC curve is shown in Figure  1B . Each point on the ROC curve represents a different total LE MMT score, with the x and y values corresponding to the false positive rate and true positive rate for that score, respectively (see "Method" section for more details). The area under the ROC curve was 0.822, with a 95% confidence interval of 0.635 to 1.101. Based on the ROC statistics, the LE MMT was successful at predicting whether the participants responded to the training (Pϭ.018). The step-like increments on the ROC curve result from the addition of a single individual with each change in the MMT threshold, which would change either the false positive rate or the true positive rate. The ideal threshold is the point closest to the top left corner: LE MMT scoresϭ32-38 (shown in Fig. 1B beside the corresponding data point). Because it is more desirable to accept false positives than false negatives in this instance (ie, favor sensitivity over specificity), we used a threshold MMT of 30/80 (vertical dashed line in Figure 1A ), below which there are no false negatives. Further justification for a threshold of 30/80 was based on 4 individuals whose change in walking speed was below 0.1 m/s, but who showed improvements in WISCI-II. In these 4 individuals, the lowest LE MMT score was 31/80. Using a threshold of 30, the sensitivity was 100% and the specificity was 40%. When individuals below the threshold were excluded, the correlation between total LE MMT score and change in walking speed was strengthened slightly (Fig. 1A, solid Improvement in individuals with substantial asymmetry may depend more on the strength of the strong side. 17 Therefore, correlations were estimated for those individuals with asymmetry scores of 1.5 or higher (nϭ6) and total scores greater than 15 on the strong side (ie, half of the threshold of 30). In these individuals with asymmetry who had muscle strength above the threshold, the correlation between outcome and muscle strength was higher for their strong side (Fig. 1C, rϭ 
Relationship Between Initial Strength in Individual Leg Muscles and Change in Walking Speed
Because volitional muscle strength of the LEs was an especially important predictor, the predictive ability of each leg muscle was estimated for participants with total scores above the threshold of 30. Significant Pearson correlations between change in walking speed and muscle group (left and right sides combined) were found for 4 out of the 8 muscle groups: knee extensors, knee flexors, ankle plantar flexors, and hip abductors (Tab. 3). Correlations improved for all muscle groups except the knee flexors when participants with low-level lesions were removed (Tab. 3, right column). The strength of the 4 key muscle groups was not highly correlated among themselves (2 out of 6 combinations significant), so each muscle group may be providing important and complementary information. The correlation between the change in walking speed and the sum of the 4 key muscle scores is shown in Figure  1D (rϭ.82, PϽ.01). a Variables are arranged in order of the size of the correlation with the primary outcome measure of change in walking speed. Correlations that were significant at the .05 level are shown in bold type. All correlations were based on nϭ19, except for EMG (nϭ15) and BMI (nϭ18). ⌬WSϭchange in walking speed; LE MMTϭlower-extremity manual muscle test score (total); EMGϭpeak electromyography amplitude during walking, averaged across 4 muscle groups on both legs; iWSϭinitial walking speed; BBSϭBerg Balance Scale score; TSIϭtime since injury; BMIϭbody mass index; UE MMTϭupper-extremity manual muscle test score (total).
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Prior to training, the day-to-day repeatability of peak EMG amplitudes was confirmed in a group of 9 participants with incomplete SCI, 3 of whom also were part of this prediction analysis. Intraclass correlation coefficients 51,52 for the 4 muscle groups were strong (Ͼ.75) to moderate to good (.4 -.75) 53 for the tibialis anterior (.88), soleus (.87), hamstring (.75), and quadriceps (.48) muscles. Thus, the EMG amplitudes were compared among participants without normalization.
The average peak EMG signal during treadmill walking prior to training was a significant predictor of change in walking speed (rϭ.56). The correlation was stronger when individuals with low-level lesions were excluded (rϭ.74). Correlations for each of the 4 muscle groups (tibialis anterior, soleus, quadriceps, and hamstrings) were significant except for the soleus muscle when all 15 participants with EMG data were included and were significant for all muscle groups when those with lowlevel lesions were removed (Tab. 4). The correlation between change in walking speed and peak EMG amplitude averaged among the 3 muscle groups that were individually correlated significantly with change in walking speed (excluding soleus) was .69 when all participants were included (Fig. 2, solid line) and .78 when subjects with low lesions were removed (Fig. 2, dashed line) .
Relationship Between Change in Walking Speed and Change in LE MMT Score
Because initial LE MMT scores were a strong predictor of success with BWSTT, we determined whether gain in muscle strength during training also was greater in individuals who responded well to BWSTT. The change in total LE MMT score (ie, final score minus initial score) was not significantly correlated with change in walking speed (rϭ.274, PϾ.1).
Multivariable Regression
Finally, as only EMG amplitude and LE MMT scores were significant predictors of outcome in univariate correlation analysis, we used multivariable linear regression to test whether adding the peak EMG amplitude from walking would provide a stronger prediction of change in walking speed than the LE MMT alone. Due to the limited sample size, only these 2 variables (summed LE MMT score from the 4 key muscle groups and peak EMG amplitude from the 3 muscle groups that were individually correlated significantly with change in walking speed) were entered into the model as independent variables. Fifteen participants contributed data to the regression because we did not have good EMG data from 4 participants. In the final model (Tab. 5), the association between LE MMT and outcome remained statistically significant (Pϭ.001), whereas the EMG variable became nonsignificant (Pϭ.21). The adjusted R 2 value of the final model was .78, with only a small amount of unique variance explained by the EMG variable (Ͻ2%). Thus, EMG activity is likely measuring underlying phenomena 
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related to the LE MMT, and adding EMG activity as a predictor does not add anything useful beyond that provided by the LE MMT alone. We tested the adequacy of the relevant regression assumptions, and all assumptions were met (Tab. 5). Nevertheless, these results still should be considered exploratory because the sample size was small. The low incidence of SCI and the difficulty in performing well-controlled training studies limit available sample sizes for this type of research.
Discussion
Among the 10 initial measures taken prior to BWSTT, total LE MMT score and peak EMG amplitude in walking were significantly correlated with change in walking speed. These 2 measures also were significantly correlated with each other, suggesting they were measuring related underlying phenomena. Among the 8 muscle groups tested with the LE MMT, 4 were individually correlated with outcome. The LE MMT scores of these 4 key muscles together pro- 4, 60 and this EMG activity is insufficient to generate functional overground walking. Thus, the ability to activate muscles is an important predictor of success with BWSTT, but the relative importance of descending and afferent input remains unknown. However, the good correlation between the presence of foot-drop during walking and the strength of descending input from the corticospinal tract, 11 as well as poor recovery of walking when the corticospinal tract is damaged, 61 together suggest that volitional input from the corticospinal tract is important for the recovery of walking.
Other Potential Predictors
The only other study that has attempted a similar prediction of success with BWSTT using initial mea- Relationship between change in walking speed and peak electromyographic (EMG) amplitude during walking prior to training. Peak EMG amplitude was averaged across the 3 muscle groups that were individually correlated significantly with change in walking speed (knee flexors and extensors, dorsiflexors). The relationship was stronger when participants with low-level lesions were excluded (dashed line) compared with when all participants were included (solid line).
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sures reported somewhat different predictors. 8 One important difference between that study and ours is the measure of outcome, which was a change in walking speed in our study and final walking speed in the study by Winchester et al 8 (see introduction section). Also, although muscle strength was one of the potential predictors they considered, they used the LE muscle score from AIS, which, as we show, does not include all of the ideal muscles for predicting walking. For example, they included some muscles (ie, hip flexors) that are poor predictors of success, and excluded others (ie, knee flexors) that are good predictors of success. Nevertheless, the factors identified in both studies should be considered in future studies, as both had relatively low numbers of participants.
Which Muscle Groups Provide the Best Prediction?
No other study has tried to predict the response to BWSTT using the strength of individual muscles. Only one study has considered the importance of strength in a large number of LE muscles to walking ability measured at the same point in time after SCI (ie, without an intervention). 17 Kim and colleagues 17 found the strength in 7 muscle groups (hip flexors, hip abductors, knee flexors, hip extensors, ankle plantar flexors, knee extensors, and ankle dorsiflexors), listed in order of the strength of the correlations, to be important, with the 4 key muscles from the present study italicized. Because their participants were higher functioning than ours (all able to walk for 6 minutes) and had greater asymmetry in strength, the differences may be related to the individual participants in each study. Larger, multicenter trials or meta-analysis of multiple studies will be necessary to discern differences among individuals with different clinical presentations. It is possible that the specific muscle group most important for prediction will depend on the nature of the injury.
We showed that the LE MMT scores for the quadriceps and hamstring muscles were the strongest predictors of success. In addition, the peak EMG amplitude from these same 2 muscles during walking was highly correlated with change in walking speed (Tab. 4). Because these 2 muscles also were much more active in individuals with SCI than in uninjured controls, 13 it is likely that volitional control of these 2 muscles allowed individuals to make the necessary compensations in their walking to become functional. The importance of the knee muscles for walking after SCI is in direct contrast to the small role that these muscles play in the walking of individuals without injuries. In individuals without injuries, knee muscles are generally much less active than ankle muscles during comfortable walking speeds, and the muscle moments about the knee are very low. 40 We speculate that, after SCI, the muscles around the ankle that are normally very important for walking are weakened, leading to the need to compensate with the knee muscles to support the leg during stance and to lift the leg during swing.
Clinical Implications
Finally, we have focused on functional recovery of overground walking in this article. Our predictors of success do not apply to other possible gains related to BWSTT, such as preservation of muscle, bone, and cardiovascular health, 62,63 which have been shown to be substantial for those with more-severe injuries. Although people with low muscle strength may not show gains in overground walking speed, they may show other physiological improvements important to their general health. Our predictions also may not apply to children, who may show greater plasticity for recovery of walking. 64 Our current findings suggest that the gains in walking speed obtained during BWSTT were not related to gains in muscle strength of the LE (ie, change in walking speed not correlated with change in LE MMT score). Our earlier study 13 and the study by Grasso et al 65 further suggested that gains in walking are related to the ability to modify muscle activation patterns during walking (ie, making EMG activity bursts more focused and making them occur at the appropriate time). Together, the results suggest that training individuals with injuries and with residual control of the muscles in the actual task of walking is extremely important. Although strengthening of muscles may contribute to better walking, it cannot replace the need to learn new, specific muscle activation patterns 13 during the execution of the task itself. The small number of participants in this study, however, must be interpreted with caution and will require verification in studies with larger sample sizes.
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